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(57) ABSTRACT

An information presentation device transmits information of
a car navigation system, installed in a vehicle, to a driver in
form of'tactile stimuli, wherein a controller controls a plural-
ity of vibrators attached to a steering wheel. The vibrators are
arranged in proximity to vibration transmitters, correspond-
ing to holding parts of a steering wheel, so that they are
controlled with desired vibration intensity and vibration start
timing in response to drive signals from the controller. Two
vibrators are arranged in the holding parts of a steering wheel
which come in contact with driver’s hands and are controlled
to generate a virtual vibrating source, thus rendering a driver
feeling a sensation as if a vibrating source is moving in
upward-downward directions, left-right directions, and far-
near directions in the front side of a driver. Thus, it is possible
to present accurate information with a small amount of energy
consumption in driving vibrators.

18 Claims, 14 Drawing Sheets
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1
INFORMATION PRESENTATION DEVICE
USING TACTILE STIMULUS WITH
VIBRATOR

TECHNICAL FIELD

The present invention relates to an information presenta-
tion device using a tactile stimulus with a vibrator.

The present application claims priorities on Japanese
Patent Application No. 2009-278925 (filing date: Dec. 8,
2009) and Japanese Patent Application No. 2010-147629 (fil-
ing date: Jun. 29, 2010), the entire contents of which are
incorporated herein by reference.

BACKGROUND ART

Conventionally, information presentation devices present-
ing operators of vehicles with vehicle information using tac-
tile stimuli have been known. PLT 1 disclosed an information
presentation device including a plurality of vibrators attached
to a vehicle’s seat and a detector for detecting a moving
direction of a moving body that exists in the periphery of a
vehicle. Among a plurality of vibrators, the information pre-
sentation device sequentially drives at least two vibrators,
which are related to the moving direction of a moving body
detected by the detector, so as to present an operator with
information of a moving body.

PLT 2 disclosed an information presentation device includ-
ing a plurality of vibrators attached to a vehicle’s seat and a
detector for detecting a hazardous situation of a vehicle.
Among a plurality of vibrators, the information presentation
device selects two or more vibrators in response to a hazard-
ous situation of a vehicle detected by the detector so as to
drive those vibrators differently with respect to at least one of
a vibration frequency, time, amplitude, and a vibration inter-
val. Herein, it adjusts a vibration frequency, time, amplitude,
and a vibration interval to tactile sensation characteristics of
a human body such that a vehicle’s operator can sense an
apparent movement phenomenon, thus presenting the opera-
tor with alert information using a pattern representing a haz-
ardous situation detected by the detector.

Additionally, the information presentation devices of PLT
1 and PLT 2 are each designed to arrange vibrators on the
surface of a vehicle’s seat and drive them so that tactile
stimuli will be transmitted to the thigh and the back of a
vehicle’s operator.

CITATION LIST
Patent Literature

PLT 1: Japanese Patent Publication No. 2009-31946
PLT 2: Japanese Patent Publication No. 2008-77631

SUMMARY OF INVENTION
Technical Problem

The thigh and the back of a human body are regarded as
areas with a relatively rarefactional distribution of organolep-
tic cells so that they exhibit a relatively low sensitivity to
tactile stimuli in comparison with the palm of the hand and
fingertips with a relatively dense distribution of organoleptic
cells reacting to tactile stimuli. For this reason, the informa-
tion presentation devices of PLT 1 and PLT 2 need to increase
stimulus intensity to an operator by increasing vibrating
intensity of vibrators in order to securely transmit informa-
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tion to a vehicle’s operator, so that they are likely to increase
the amount of energy consumed for driving vibrators.

Solution to Problem

The present invention is made in consideration of the fore-
going circumstances, wherein the object thereof is to provide
an information presentation device that is able to accurately
transmit information to an operator with weak stimulus inten-
sity transmitted to a vehicle’s operator.

An information presentation device of the present inven-
tion presents an operator with externally provided informa-
tion in form of vibration, wherein it includes a manual control
part (e.g. a steering wheel) having a shape held by an opera-
tor’s hand; at least one vibrator attached to the manual opera-
tion part; a controller that generates a driver signal to control
the vibrator based on the externally provided information;
and a vibration transmitter that transmits vibration of the
vibrator, applied to the manual control part, as a tactile stimu-
lus to an operator’s hand.

It is possible to arrange a plurality of vibrators in the
manual control part, wherein the controller is able to sequen-
tially drive a plurality of vibrators with a time difference
between their vibration start timings. In this case, the control-
ler may generate a drive signal, based on a vibration trans-
mission function established between the vibrator and the
vibration transmitter in the manual control part, so as to
control the vibrator. The controller may generate a drive
signal rendering a frequency-modulated control waveform
subjected to frequency sweep over a lapse of time. The con-
troller may generate a drive signal rendering a control wave-
form multiplexing a plurality of frequency components and
changing its mixing ratio with respect to time. The controller
may control a plurality of vibrators with different values of
vibration intensity. The controller may generate drive signals
rendering amplitude-modulated control waveforms with a
time-phase difference therebetween. The controller may gen-
erate drive signals rendering control waveforms with a dis-
crete time difference, a time-phase difference, and an ampli-
tude difference therebetween.

Advantageous Effects of Invention

An information presentation device of the present inven-
tion is designed to convert externally provided information
into vibration using vibrators, thus transmitting tactile stimuli
to an operator’s hand holding a vibration transmitter. It is
possible to accurately present information with weak tactile
stimuli transmitted to an operator. Thus, it is possible to
reduce the amount of energy consumed by the information
presentation device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A schematic illustration of an information presen-
tation device according to a first embodiment of the present
invention.

FIG. 2 A block diagram showing the constitution of the
information presentation device of the first embodiment in
connection with Usage 1 and Usage 2.

FIG. 3 A block diagram showing the constitution of the
information presentation device of the first embodiment in
connection with Usage 3.

FIG. 4 A schematic illustration of an information presen-
tation device according to a second embodiment of the
present invention.
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FIG. 5 A block diagram showing the constitution of the
information presentation device of the second embodiment in
connection with Usage 1.

FIG. 6 A schematic illustration illustrating the operation
and the instruction of the information presentation device of
the second embodiment.

FIG. 7 A block diagram showing the constitution of the
information presentation device of the second embodiment in
connection with Usage 2.

FIG. 8 A schematic illustration of an information presen-
tation device according to a third embodiment of the present
invention.

FIG. 9 A block diagram showing the constitution of the
information presentation device of the third embodiment in
connection with Usage 1 and Usage 2.

FIG. 10 A block diagram showing the constitution of the
information presentation device of the third embodiment in
connection with Usage 3 and Usage 4.

FIG. 11 Graphs showing control waveforms of vibrators
installed in an information presentation device according to a
fourth embodiment of the present invention.

FIG. 12 Graphs showing control waveforms of vibrators
installed in an information presentation device according to a
fifth embodiment of the present invention.

FIG. 13 A graph showing a control waveform of a vibrator
installed in an information presentation device according to a
sixth embodiment of the present invention.

FIG. 14 Graphs showing control waveforms of vibrators
installed in an information presentation device according to a
seventh embodiment of the present invention.

FIG. 15 A graph showing a control waveform of a vibrator
installed in an information presentation device according to
an eighth embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The present invention will be described by way of embodi-
ments with reference to the accompanying drawings. Herein,
the same constituent elements are denoted using the same
reference signs.

First Embodiment

FIG. 1 is a schematic illustration of an information presen-
tation device 10 according to a first embodiment of the
present invention. FIG. 2 is a block diagram showing the
constitution of the information presentation device 10.

The information presentation device 10 includes a steering
wheel 11, seven vibrators 12 (i.e. vibrators 12a to 12g),
switches 13a, 134, and a controller 14. As shown in FIG. 2,
the information presentation device 10 is connected to an
information generator 15 installed in a car navigation system
N.

The steering wheel 11 is attached to a driver’s seat of a
vehicle such as an automobile and driven by an operator to
steer the vehicle. The external shape of the steering wheel 11
is a ring shape (or an oval shape) such that the ringed portion
thereof is fixed to a steering center 11a disposed at a center
position. The steering center 11a is fixed to a rotary shaft
member O equipped with a steering mechanism for steering a
vehicle. As a material for use in the steering wheel 11, for
example, it is possible to employ a resin material, a metal,
wood, and a carbon material. Alternatively, it is possible to
produce the steering wheel 11 adequately combining a plu-
rality of materials.

It is preferable that a vibration transmission function inher-
ently ascribed to the material of the steering wheel 11 can be
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found by way of measurement or simulation; hence, it is
preferable to employ the steering wheel 11 whose vibration
transmission characteristic can be predicted in advance.

The steering wheel 11 includes two holding parts A1, A2
that can be held by an operator. It is preferable that the holding
parts A1, A2 be positioned at opposite ends in left/right direc-
tions in view of an operator situated in front of the steering
wheel 11 which is set to a neutral position (i.e. the position at
which the steering wheel 11 is not steered in either direction
about the rotary shaft member O). Additionally, it is prefer-
able that the holding members A1, A2 be each shaped with a
predetermined length L (e.g. an average of the maximum
width of an adult’s hand), measuring the maximum width of
an operator’s hand, extended in a circumferential direction of
the steering wheel 11.

The holding parts A1, A2 of the steering wheel 11 are
equipped with vibration transmitters B1, B2 which are able to
transmit vibration, caused by the vibrators 12a to 12g, to an
operator who is holding the holding parts A1, A2. In the first
embodiment, the vibration transmitters B1, B2 are integrally
formed with the steering wheel 11 by use of the same material
as the material of the steering wheel 11.

In this connection, the vibration transmitters B1, B2 may
form a part of the steering wheel 11; alternatively, they may be
formed using material different from the material of the steer-
ing wheel 11.

The vibrators 12a to 12g are arranged in one arc portion,
sandwiched between the holding parts A1, A2, in the ringed
portion of the steering wheel 11, wherein they are disposed
with equal intervals therebetween in the order of the vibrators
12a, 12b, 12¢, 124, 12¢, 12f, and 12g.

When observing the steering wheel 11 in a front view from
an operator, the first embodiment arranges the vibrators 12a
to 12g in the upper arc portion of the steering wheel 11.
Additionally, the vibrators 12a to 12g are embedded inside
the upper arc portion of the steering wheel 11. Moreover, it is
possible to employ an appropriate shape as the shape of the
vibrators 12a to 12g as long as they can be embedded inside
the steering wheel 11 without projecting from its external
surface.

The vibrators 12a to 12g are connected to a signal wire W1
embedded inside the steering wheel 11. The signal wire W1 is
connected to a controller 14. The controller 14 sends drive
signals to the vibrators 12a to 12g via the signal wire W1.

The vibrators 12a to 12g are ones that vibrate themselves
upon receiving drive signals from the controller 14; specifi-
cally, it is possible to employ vibration motors which are
driven to rotate when a DC voltage is applied to them. Since
vibrators 12a to 12g are embedded in the steering wheel 11,
vibration caused by the vibrators 12a to 12g vibrating them-
selves is transmitted to the steering wheel 11 so that vibration
is further transmitted to the vibration transmitters B1, B2 of
the steering wheel 11.

The switches 13a, 136 are input parts which allow an
operator (e.g. a driver) of a vehicle to operate predetermined
devices; for example, it is possible to employ momentary
switches. In the first embodiment, the switches 13a, 136 are
positioned at the holding parts A1, A2 of the steering wheel 11
such that they are positioned oppositely to face each other
across the rotary shaft member O. The switches 134, 135 may
be necessarily arranged within the reachable range in which a
driver holding the holding parts A1, A2 of the steering wheel
11 can reach with his/her fingers. Thus, it is possible to
arrange the switches 13A, 13B in proximity to the holding
parts A1, A2.

The switches 13a, 135 are fixed to the steering wheel 11
such that they are projected inwardly from the inner circum-
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ference on the external surface of the steering wheel 11. This
makes it possible for a driver to easily grope and hold the
positions of the switches 134, 135. Additionally, the project-
ing direction of the switches 134, 135 is an inward direction
from the ringed portion of the steering wheel 11. Thus, an
operator is able to easily press and operate the switches 13a,
135 while holding the holding parts A1, A2 of the steering
wheel 11.

As a fixing method of the switches 134, 135 to the steering
wheel 11, it is preferable to employ a screw method or an
integral molding method which prevents the switches 13a,
135 from being easily detached from the steering wheel 11.
As another fixing method of the switches 13a, 135 to the
steering wheel 11, for example, it is possible to fix them in a
freely detachable manner using a plane fastener.

The switches 13a, 135 are connected to a signal wire W2
embedded inside the steering wheel 11. The signal wire W2 is
connected to the controller 14, so that an input signal pro-
duced by the switches 13a, 135 is transmitted to the controller
14 via the signal wire W2.

Upon receiving information transmitted from the informa-
tion generator 15, the controller 14 generates drive signals,
used for driving the vibrators 12a to 12g, to the vibrators 12a
to 12g. The controller 14 is connected to the information
generator 15 and the vibrators 12a to 12g as well. In this
connection, the information generator 15 may perform wire-
less communication with the controller 14.

In the first embodiment, the controller applies a DC current
(or a drive signal), which is used to drive vibration motors,
configuring the vibrators 12a to 12g, to rotate, to the vibrators
12ato 12gvia the signal wire W1. The controller 14 generates
adrive signal such that a driver can recognize vibration inten-
sity and vibration time via his’her hands and fingers touching
the vibration transmitters B1, B2. Additionally, the controller
14 sets a time duration to its drive signal such that the vibra-
tors 12a to 12g are individually driven to vibrate for a certain
time or they are sequentially driven to vibrate.

The information generator 15 includes a detector 15a that
monitors and detects the operating states of devices installed
in a vehicle and a transmitter 155 that transmits information,
which needs to be presented to a driver among the operating
states of devices detected by the detector 154, to the controller
14.

Next, the operation of the information presentation device
10 of'the first embodiment, which is installed in a vehicle such
as an automobile, will be described. Herein, the following
description refers to Usage 1 to Usage 3 of the information
presentation device 10.

(Usage 1)

The information presentation device 10 of the first embodi-
ment will be described in terms of Usage 1 with reference to
FIGS. 1 and 2. In Usage 1, the information presentation
device 10 is installed in a vehicle in connection with the car
navigation device N that guides a vehicle to its destination.

First, it is assumed that a driver drives a vehicle while
holding the holding parts A1, A2 of the steering wheel 11 with
his/her both hands. A driver holding the holding parts A1, A2
may as well touches the vibration transmitters B1, B2 with
his/her hands since the vibration transmitters B1, B2 are
positioned at the holding parts A1, A2 of the steering wheel
11.

For the sake of safety steering of a vehicle, it is not prefer-
able for an operator to disengage his’her hands from the
steering wheel 11. Additionally, an operator needs to focus
his/her sight and audition on driving a vehicle in order to
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6

confirm the external circumstances regarding the front view,
the left/right views, and the rear view in a running direction of
a vehicle.

It is possible to assume various situations in which infor-
mation is presented to an operator while driving a vehicle. For
example, there is a situation in which a running direction of a
vehicle is presented to an operator in order to guide a vehicle
to its destination in connection with the operation of the car
navigation system N. The first embodiment incorporates the
function of the information generator 15 into the car naviga-
tion system N to cope with this situation, so that the informa-
tion generator 15 transmits information, which is used to
present a running direction of a vehicle to an operator, to the
controller 14. For example, this information is data indicating
one of two directions, i.e. leftward and rightward directions
dividing a running direction of a vehicle.

The controller 14 selects a vibrator, which needs to be
driven, from among the vibrators 124 to 12g in response to
information presented to a driver, so that it sends a drive signal
to a single vibrator 12 which is selected. When a leftward
direction is presented to an operator as a running direction of
a vehicle, for example, the controller 14 selects a left-side
vibrator 12a disposed close to the left-side holding part A1,
thus sending a drive signal, which has a predetermined
applied time in response to a vibrating time and an applied
voltage for driving its vibration motor, to the vibrator 12a.
That is, a relatively intense tactile stimulus is transmitted to a
driver’s left hand while a relatively weak tactile stimulus is
transmitted to a driver’s right hand. Thus, it is possible to
present a driver with information indicating a leftward direc-
tion as a direction in which a vehicle should be running.

As described above, it is possible to present a driver with
information directing a running direction of a vehicle via a
tactile stimulus applied to a driver’s hand holding the steering
wheel 11 as well as visual information such as a map dis-
played on a screen of the car navigation system N and audio
information such as audio guidance. As a result, a driver is
able to recognize information of the car navigation system N
without turning his/her eyes away from the front direction of
a vehicle.

(Usage 2)

Next, Usage 2 for presenting a driver with information of
the car navigation system N will be described with reference
to FIGS. 1 and 2.

In Usage 2, the vibrators 12a to 12g are sequentially driven
with different vibration start times applied to the vibrators
124 to 12g so as to present a running direction of a vehicle to
adriver. In this case, the controller 14 receives data, indicating
a running direction of a vehicle, from the car navigation
system N so as to generate and send drive signals to the
vibrators 12a to 12g such that their vibration start times are
delayed in the order of the vibrators 12a, 125, 12¢, 12d, 12e,
12/, and 12g.

In the above case, the vibration transmitters B1, B2 trans-
mit tactile stimuli to driver’s hands holding the holding parts
Al, A2 of the steering wheel 11 such that a driver may sense
a vibrating source moving in a rightward direction from the
holding part Al to theholding part A2 ina driver’s view. Thus,
it is possible to present a driver with information indicating a
rightward direction as a running direction of a vehicle by way
of tactile stimuli.

Contrary to the above case, when the controller 14 sends
drive signals indicating the vibration start times which are
delayed in the order of the vibrators 12g, 12f, 12¢, 12d, 12¢,
125, and 12a, the vibration transmitters B1, B2 transmit tac-
tile stimuli to driver’s hands holding the holding parts A1, A2
of the steering wheel 11 such that a driver may sense a
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vibrating source moving in a leftward direction from the
holding part A2 to the holding part Al ina driver’s view. Thus,
it is possible to present a driver with information indicating a
leftward direction as a running direction of a vehicle by way
of tactile stimuli.

(Usage 3)

Next, Usage 3 of the information presentation device of the
first embodiment will be described with reference to FIGS. 1
to 3. FIG. 3 is a block diagram of the constitution of the
information presentation device 10 according to Usage 3.
Herein, Usage 3 differs from Usage 1 and Usage 2 in that it
presents a driver with information from another device other
than the car navigation device N. Herein, it presents an open/
close position to a driver who operates a window W, at a
driver’s seat of a vehicle, to open or close by use of the
switches 13a, 135.

As shown in FIG. 3, the switch 13a is assigned as a close
switch for closing the window W while the switch 135 is
assigned as an open switch for opening the window W in
Usage 3. That is, a power window device PW is driven using
the switches 134, 135 to open or close the window W.

The window W is closing when a driver presses the switch
13a. To the contrary, the window W is opening when a driver
presses the switch 135. The window W stops its movement
when a driver disengages his/her fingers from the switches
13a, 135.

In the information generator 15, the detector 154 detects an
open/close position of the window W so that the transmitter
155 sends data, representing the open/close position of the
window W, to the controller 14.

In Usage 3, the open/close position of the window W is
digitized so that its opening degree increases in an order from
“0” to “6”. That is, “0” is set to the fully closed state of the
window W while “6” is set to the fully opened state of the
window W. Among seven values “0” to “6”, one value is
selectively set to data representing the open/close position of
the window W.

The controller 14 receives data transmitted from the infor-
mation generator 15 so as to select one of the seven vibrators
12ato 12g, thus sending a drive signal to the selected vibrator
12. In the controller 14, data values 0, 1, 2, 3, 4, 5, 6 are
respectively correlated to the vibrators 12a, 1256, 12¢, 124,
12e, 12f, 12¢g in turn.

The vibrator 12a solely vibrating itself indicates the fully
closed state of the window W whilst the vibrator 12g solely
vibrating itself indicates the full opened state of the window
W. The vibrator 12d solely vibrating itself indicates a half
closed (or half opened) state of the window W. Additionally,
the vibrator 125 or 12¢ solely vibrating itself indicates the
state of the window W which is closed halfway or more but
not fully closed. Moreover, the vibrator 12e¢ or 12f solely
vibrating itself indicates the state of the window W which is
opened halfway or more but not fully opened.

In the half opened state (or the half closed state) of the
window W, for example, the information generator 15 selects
“3” from among data values 0 to 6 so as to send it to the
controller 14. In response to the received data value “3”, the
controller 14 generates a drive signal, used for driving the
vibrator 12d to vibrate, and send it to the vibrator 124. Thus,
the vibrator 12d is driven to vibrate so that its vibration
propagates through the steering wheel 11 to reach the vibra-
tion transmitters B1, B2, from which it is transmitted to a
driver’s hands.

Due to vibration transmitted by the vibration transmitters
B1, B2, adriveris able to sense vibration which occurs around
the center of the upper arc portion of the steering wheel 11.
Thus, a driver is able to recognize the half opened state of the

30

40

45

8

window W with his/her tactile stimuli. A driver does not need
to disengage his/her hands from the steering wheel 11 while
driving a vehicle since the steering wheel 11 is equipped with
both the vibrators 124 to 12g and the switches 13a, 135.

In this connection, engine vibration and running vibration
of a vehicle concurrently propagate to the steering wheel 11.
However, human’s hands have a relatively dense distribution
of'organoleptic cells reacting to tactile stimuli so as to exhibit
arelatively high sensitivity to tactile stimuli, so that a driver is
able to discriminate vibration of the vibrators 12a to 12g from
normal vibration such as engine vibration and running vibra-
tion of a vehicle.

When a driver presses the switch 135 so as to further open
the window W which has been already opened halfway, the
information generator 15 sequentially send data values 4, 5, 6
to the controller 14, so that the controller 14 sends drive
signals to sequentially vibrate the vibrators 12e, 12f, 12g in
response to the received data values. The controller 14 sets
time durations to its driver signals to individually vibrate the
vibrators 12¢, 12f; 12g, so that a vibrating position is changed
in order among the vibrators 12e to 12g in connection with an
open/closed position of the window W.

Due to the vibration position which is changing, a driver is
able to sense an apparent movement phenomenon in which a
vibrating source may move from the center of the upper arc
portion of the steering wheel 11 toward the holding part A2.
Thus, the information presentation device 10 transmits infor-
mation, indicating an opening operation of the window W, to
a driver’s hands with tactile stimuli via the vibration trans-
mitters B1, B2.

In this connection, when a driver presses the switch 13a to
further close the window W which has been already opened
halfway, the vibrators 12¢, 125, 124 are sequentially driven to
vibrate. Thus, a driver is able to sense an apparent movement
phenomenon in which a vibrating source may move from the
center of the upper arc of the steering wheel 11 toward the
holding part Al. That is, the information presentation device
10 transmits information, indicating a closing direction of the
window W, to driver’s hands with tactile stimuli via the vibra-
tion transmitters B1, B2.

The information presentation device of the first embodi-
ment selectively drives a single vibrator to vibrate among a
plurality of vibrators 12a to 12g, disposed along the ringed
portion of the steering wheel 11, thus transmitting informa-
tion, generated by the information generator 15, to driver’s
hands. Compared to the conventional art which transmits
tactile stimuli to the thigh and the back of a driver, the infor-
mation presentation device 10 of the first embodiment is able
to accurately present information to a driver with weak stimu-
lus intensity. Thus, it is possible to reduce the amount of
energy consumed by the information presentation device 10.

Additionally, it is possible to apply vibration of the vibra-
tors 12a to 12gto a driver who is holding the holding parts A1,
A2 with his/her hands because the vibration transmitters B1,
B2 are positioned at the holding parts A1, A2 of the steering
wheel 11. Therefore, a driver is able to sense information
without disengaging his/her hands from the steering wheel 11
and without turning his/her eyes off from the front direction
of a vehicle.

Moreover, the steering wheel 11 is equipped with the hold-
ing parts A1, A2 at two positions while the steering wheel 11
is equipped with the seven vibrators 12a to 12g embedded
therein, so that a driver is able to sense an apparent movement
phenomenon in which a vibrating source may be moving
when a plurality of vibrators 12 is sequentially driven to
vibrate with time differences among their vibration start tim-
ings.
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The steering wheel 11 is equipped with the switches 13a,
135 to open or close the window W, so that a driver is able to
operate the window W without disengaging his/her hands
from the steering wheel 11. At this time, a driver is informed
of'an open/close position of the window W by means of the
vibration transmitters B1, B2 installed in the steering wheel
11, so that a driver is able to sense the operating state and the
open/close position of the window W without disengaging
his/her hands from the steering wheel 11 and without turning
his/her eyes to the window W.

Since the vibrators 12a to 12g are embedded inside the
steering wheel 11, a driver does not need to recognize the
presence of the vibrators 12a to 12g unless the vibrators 12a
to 12g are driven to vibrate even when driver’s hands are
touching the steering wheel 11. That is, a driver does not feel
a sense of incongruity with his/her hands which are currently
holding certain positions, other than the holding parts A1, A2,
in the steering wheel 11 embedding the vibrators 12a to 12g
therein.

Second Embodiment

Next, an information presentation device 20 according to a
second embodiment of the present invention will be
described. FIG. 4 is a schematic illustration of the informa-
tion presentation device 20. FIG. 5 is a block diagram show-
ing the constitution of the information presentation device 20.

As shown in FIGS. 4 and 5, the information presentation
device 20 of the second embodiment differs from the infor-
mation presentation device 10 of the first embodiment in
terms of the number and the positions of vibrators as well as
the positions of switches.

The first embodiment furnishes the steering wheel 11 with
the vibrators 12a to 12g and the switches 13a, 135. In con-
trast, the second embodiment furnishes a steering wheel 21
with vibrators 22a, 225 and switches 23a, 2354.

Similar to the steering wheel 11 of the first embodiment,
the steering wheel 21 has a ring-shaped external configura-
tion, with which a vehicle is steered depending on a driver’s
operation. Additionally, in view of a driver who sits in front of
the steering wheel 21, holding parts A21, A22 are formed at
left and right positions in the upper side of the steering wheel
21 just above its center portion. The positions of the holding
parts A21, A22 of the steering wheel 21 match with ideal
positions for a driver holding the steering wheel 21, i.e. 10
o’clock 10 minutes of a twelve-hour clock.

Additionally, the holding parts A21, A22 are furnished
with vibration transmitters B21, B22 that transmit vibration,
propagating from the vibrators 22a, 22b, to a driver’s hands.

The vibrators 22a, 225 are respectively attached to the left
and right positions in the upper side of the steering wheel 21
just above its center portion, in view of a driver who sits in
front of the steering wheel 21, wherein these positions should
preferably match with 10 o’clock 10 minutes of a twelve-hour
clock.

Similar to the vibrators 12a to 12g embedded in the steer-
ing wheel 11 of the first embodiment, the vibrators 22a, 225
are embedded in the steering wheel 21 of the second embodi-
ment and connected to a controller 24 via a signal wire W1.
Similar to the vibrators 12a to 12g of the first embodiment, it
is possible to employ vibration motors as the vibrators 22a,
22b.

The switches 23a, 235 are not entirely embedded in the
steering wheel 21, but as similar to the switches 13a, 135 of
the first embodiment, the switches 23a, 235 are fixed to the
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steering wheel 21 such that they are projecting inwardly from
the internal circumference of the ringed portion of the steer-
ing wheel 21.

Additionally, the switches 23a, 23b are positioned at the
right and left positions in the upper side of the steering wheel
21 just above its center portion, in view of a drive situated in
front of the steering wheel 21, in proximity to the vibrators
22a, 22b, wherein these positions should preferably match
with 10 o’clock 10 minutes of a twelve-hour clock. Similar to
the switches 13a, 135 of the first embodiment, it is possible to
employ momentary switches as the switches 23a, 235.

Next, the operation and the usage of the information pre-
sentation device 20 of the second embodiment will be
described. FIG. 6 is a schematic illustration illustrating the
operation of the information presentation device 20.

The information presentation device 20 of the second
embodiment drives vibrators 22a, 225 to vary their vibration
intensity so as to generate a virtual vibrating source 24 (i.e.
virtual vibrating sources 24a, 24b, 24c, 24d, 24e), thus trans-
mitting vibration to driver’s hands holding the steering wheel
21. When the vibrators 22a, 22b are driven with the same
vibration intensity, for example, a drive will be able to sense
vibration of the vibrator 24¢, corresponding to an intermedi-
ate position between the vibrators 22a and 225, with his/her
hands. Alternatively, when either the vibrator 22a or 225 is
varied in its vibration intensity so as to cause a difference of
vibration intensity therebetween, a driver will be able to sense
a vibrating source moving toward a vibration with higher
vibration intensity.

As the vibration intensity of the vibrator 22a is gradually
increased to be higher than the vibration intensity of the
vibrator 225 in the initial condition where the vibrators 22a,
22b are vibrating with the same vibration intensity, a driver
will be able to sense a vibrating source whose position is
moving from the holding part A22 to the holding part A21 in
the order of the virtual vibrating sources 24c, 24b, and 24a.
Contrarily, as the vibration intensity of the vibrator 225 is
gradually increased to be higher than the vibration intensity
of'the vibrator 224 in the initial condition where the vibrators
22a, 22b are vibrating with the same vibration intensity, a
driver will be able to sense a vibrating source whose position
is moving from the holding part A21 to the holding part A22
in the order of the virtual vibrating sources 24¢, 24d, and 24e.

(Usage 1)

The information presentation device 20 of the second
embodiment will be described in terms of Usage 1.

As shown in FIG. 5, the information presentation device 20
of'the second embodiment exhibits a directivity presentation
guiding a vehicle to its destination in connection with the car
navigation system N.

When the information generator 15 of the car navigation
system N transmits information to the controller 24, the con-
troller 24 generates drive signals with vibration intensities
selected for the vibrators 22a, 22b. The controller 24 sends
drive signals to the vibrators 22a, 225 so as to concurrently
drive the vibrators 22a, 225 to vibrate. This causes vibration
with any one of the virtual vibrating sources 24a to 24e,
interposed between the vibrators 22a, 22b, so that vibration
will propagate toward the vibration transmitters B21, B22.

(Usage 2)

Next, the information presentation device 20 of the second
embodiment will be described in terms of Usage 2 with ref-
erenceto FIGS. 5and 7. FIG. 7 is ablock diagram showing the
constitution of the information presentation device 20
according to Usage 2.

As shown in FIGS. 5 and 7, the information presentation
device 20 using the switches 23a, 235 can be used to present
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an open/close position of the window W at a driver’s seatof a
vehicle. Similar to the first embodiment, the switch 23a is
assigned as a close switch of the window W while the switch
23b is assigned as an open switch of the window W. A driver
is able to press the switch 23a or 235 so as to stop the window
W atan appropriate position while holding the steering wheel
21 and gazing the front direction in driving a vehicle. At this
time, the left and right vibrators 22a, 225 are varied in their
vibration intensities depending on the open/close position of
the window W.

In the second embodiment, the virtual vibrating sources
244 to 24e match with discrete open/closes positions of the
window W, for example, wherein a driver is able to sense the
position of the virtual vibrating source 24a indicating the
fully closed state of the window W. A driver is able to sense
the position of the virtual vibrating source 24¢ indicating the
fully opened state of the window W. A driver is able to sense
the position of the virtual vibrating source 245 indicating that
the window W is not completely closed but is closed halfway
or more. A driver is able to sense the position of the virtual
vibrating source 24d indicating that the window W is not
completely opened but opened halfway or more.

To present a driver with the half closed state (or the half
opened state) of the window W, the controller 24 sends drive
signals to drive the vibrators 22a, 225 with the same vibration
intensity.

When the vibration intensity of the vibrator 22a is
increased to be higher than the vibration intensity of the
vibrator 225, a driver will be able to sense a vibrating source
whose position is close to the virtual vibrating source 24a
rather than the virtual vibration source 24c¢, indicating the
state of the window W which is closed halfway or more.
Alternatively, when the vibration intensity of the vibrator 226
is increased to be higher than the vibration intensity of the
vibrator 22a, a driver will be able to sense a vibrating source
whose position is close to the virtual vibrating source 24e
rather than the virtual vibrating source 24c¢, indicating the
state of the window W which is opened halfway or more.

Thus, the information presentation device 20 of the second
embodiment implements a method of presenting tactile infor-
mation via driver’s hands holding the steering wheel 21 in
addition to a method of presenting visual information, dis-
playing a map and a running direction on a display, and a
method of presenting audio information using audio guid-
ance, thus allowing a driver to adequately sense information
without turning his/her eyes away from the front direction of
a vehicle.

Additionally, a driver is able to sense the actual presence of
a vibrating source at five positions corresponding to the vir-
tual vibrating source 24a to 24e when the vibrators 22a, 225
are adequately varied in their vibration intensities. That is, it
is possible to present a driver with the detailed information by
using two vibrators, realizing two or more vibrating sources.

(First Variation)

Next, variations of the information presentation device 20
of the second embodiment will be described.

A first variation, in which vibration transmission charac-
teristics of the steering wheel 21 are measured in advance,
does not cause a difference of vibration intensity between the
vibrators 22a and 2256 but implements the controller 24 to
supply drive signals to the vibrators 224, 225 in accordance
with a transmission function of vibration propagating through
the steering wheel 21, so that a driver will be able to sense the
actual presence of a vibrating source at one position among
the positions of the virtual vibrating sources 24a to 24e. At
this time, it is possible to drive the vibrators 22a, 225 with
driver signals whose phases differ from each other.
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According to the configuration of the first variation, a
driver is able to sense a plurality of vibrating sources which is
localized using two vibrators 22a, 224 installed in the infor-
mation presentation device 20; hence, it is possible to present
a driver with information using tactile stimuli.

(Second Variation)

A second variation does not drive the vibrators 22a, 225 in
accordance with a transmission function inherently ascribed
to the material of the steering wheel 21 but implements the
controller 24 to supply drive signals to the vibrators 22a, 225
realizing the actual presence of a vibrating source at one
position among the positions of the virtual vibrating sources
24a to 24e depending on a transmission function of an arbi-
trary virtual object, so that a driver will be able to sense the
position of a vibrating source. At this time, it is possible to
drive the vibrators 224, 225 with drive signals whose phases
differ from each other.

That is, the second variation is able to transmit tactile
stimuli, which may seemingly propagate through a different
material than the steering wheel 21 and the vibration trans-
mitters B21, B22, to a driver’s hands which are touching the
vibration transmitters B21, B22 of the steering wheel 21.

Third Embodiment

Next, an information presentation device 30 according to a
third embodiment of the present invention will be described.
FIG. 8 is a schematic illustration of the information presen-
tation device 30. FIG. 9 is a block diagram showing the
constitution of the information presentation device 30.

The information presentation device 10 of the first embodi-
ment furnishes the steering wheel 11 with the seven vibrators
124 to 12g. In contrast, the information presentation device
30 of the third embodiment, as shown in FIGS. 8 and 9,
includes a steering wheel 31, eight vibrators 32 (i.e. vibrators
32a,32b,32¢,32d, 32¢,32f,32g, and 32k), a switch 334, and
a pointing device 334.

Similar to the steering wheel 11 of the first embodiment,
the steering wheel 31 has a ring-shaped external configura-
tion, wherein a steering center 31a is arranged at the center of
aringed portion. In the third embodiment, the steering wheel
31 is furnished with holding parts A31, A32 at the right and
leftends thereofin a view of a vehicle’s driver situated in front
of the steering wheel 31. Similar to the holding parts A1, A2
of the first embodiment, the holding parts A31, A32 of the
third embodiment have a length L. Similar to the vibration
transmitters B1, B2 of the first embodiment, vibration trans-
mitters B31, B32 are arranged at the positions of the holding
parts A31, A32 of the third embodiment.

The vibrators 32a to 32/ are embedded in the steering
center 31a. The vibrators 32a to 32/ are arranged in a rect-
angular shape encompassing the center of the steering wheel
31. Similar to the vibrators 12a to 12g of the first embodi-
ment, it is possible to employ vibration motors as the vibra-
tors 32a to 324

Similar to the switches 13a, 135 of the first embodiment, it
is possibleto employ a momentary switch as the switch 33a of
the third embodiment. The steering wheel 31 is furnished
with the switch 33a at the left holding part A31 thereof'in view
of a driver situated in front of the steering wheel 31. Similar
to the first and second embodiments, the switch 33a of the
third embodiment is not entirely embedded in the steering
wheel 31 but fixed to the steering wheel 31 such that it
projects inwardly from the internal circumference of the
ringed portion.

The pointing device 334 is a joy stick which is operable in
four directions, wherein the pointing device 335 is able to
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input a desired position when it is turned down from its center
position. The pointing device 336 is positioned at the right
holding part A32 in a view of a driver situated in front of the
steering wheel 31.

Next, the operation and the usage of the information pre-
sentation device 30 of the third embodiment will be
described.

A controller 34 selects one of the vibrators 32a to 324,
which needs to be driven, based on data supplied thereto from
the information generator 15, thus sending a drive signal to
the selected vibrator.

When the controller 34 sends a drive signal to the vibrator
32a, which is selected from among the vibrators 32a to 32/,
the vibrator 32a is driven to vibrate so that vibration thereof
propagates through the steering wheel 31 and reaches the
vibration transmitters B31, B32. Thus, vibration is transmit-
ted to driver’s hands which are touching the vibration trans-
mitters B31, B32. At this time, the vibration transmitters B31
and B32 differ from each other in terms of vibration intensity
because a path from the vibrator 32a to the vibration trans-
mitter B31 differs from a path from the vibrator 32a to the
vibration transmitter B32. A driver is able to sense vibration
of the vibration transmitter B31 with his/her left hand while
sensing vibration ofthe vibration transmitter B32 with his/her
right hand.

(Usage 1)

Next, the usage of the information presentation device 30
of the third embodiment will be described.

First, the information presentation device 30 will be
described in terms of Usage 1 with reference to FIGS. 8 and
9. Similar to Usage 1 of the first embodiment, the information
presentation device 30 cooperates with the car navigation
system N to present a drive with information for guiding a
vehicle to its destination.

In Usage 1, the switch 33a is assigned as a trigger for
presenting indicating a running direction of a vehicle destined
to its destination whose coordinates are set to the car naviga-
tion system N. The pointing device 335 is assigned as an input
device for inputting a direction of scrolling a map displayed
on the screen of the car navigation system N.

The controller 34 sends a drive signal to the vibrators 32a
to 32/ based on information generated by the information
generator 15. Herein, the position of a vehicle is indicated by
the center position of a rectangular shape arranging the vibra-
tors 32a to 324, wherein the vibrator 3256 indicates a front
direction; the vibrator 324 indicates a leftward direction; the
vibrator 32e indicates a rightward direction; and the vibrator
32g indicates a rear direction.

In order to operate the car navigation device N and scroll a
map towards a destination on the display, for example, a
driver needs to press the switch 33a with his/her left hand so
that the information generator 15 will transmit two-dimen-
sional information, representing a direction toward the desti-
nation relative to the current position of a vehicle, to the
controller 34.

Based on two-dimensional information transmitted by the
information generator 15 of the car navigation system N, the
controller 34 selects one of the vibrators 32a to 32/ and sends
a drive signal to a single vibrator which needs to vibrate. In
response to the drive signal, a single vibrator, selected from
among the vibrators 32a to 32/, is driven to vibrate so that
vibration propagates through the steering wheel 31 and
reaches the vibration transmitters B31, B32, whereby vibra-
tion is transmitted to driver’s hands.

Thus, it is possible to present a driver with information
indicating a direction toward a destination relative to the
current running direction of a vehicle. Based on tactile stimuli
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transmitted via the vibration transmitters B31, B32, a driver
32 operates the pointing device 335 with his/her right thumb
s0 as to scroll a map toward the destination.

As another method utilizing the information presentation
device 30 in connection with the car navigation system N, a
driver may operate the pointing device 335 with his/her right
hand to scroll a map and then confirm the current direction of
a vehicle toward a point on the map displayed on the screen.
Specifically, since the center position among the vibrators
32a to 32/ matches a point on a map displayed on the screen,
the controller 34 sends drive signals to the vibrators 32a to
32k to vibrate based on information of the information gen-
erator 15 such that the vibrator 325 indicates a front direction
of a vehicle; the vibrator 324 indicates a leftward direction of
avehicle; the vibrator 32¢ indicates a rightward direction of a
vehicle; and the vibrator 32g indicates a rear direction of a
vehicle.

After a driver operates the car navigation system N and
operates the pointing device 335 with his/her right hand so as
to scroll a map, the driver presses the switch 33a with his/her
left hand. In this case, the information generator 15 of the car
navigation system N generates two-dimensional information,
representing a direction toward the position of a vehicle from
a point on a map displayed on the screen, and sends it to the
controller 34.

Based on two-dimensional information, the controller 34
sends a drive signal to thereby vibrate a single vibrator which
is selected from among the vibrators 32a to 324. Thus, a
driver is able to sense the position at which one of the vibra-
tors 32a to 32/ vibrates. That is, it is possible to present a
driver with information, representing a direction toward the
position of a vehicle from a point on a map displayed on the
screen, as tactile stimuli via the vibration transmitters B31,
B32 of the steering wheel 31.

(Usage 2)

Next, the information presentation device 30 of the third
embodiment will be described in terms of Usage 2 with ref-
erence to FIGS. 8 and 9.

In Usage 2, the information presentation device 30 is con-
nected to sensors, installed in the car navigation system N, so
as to present a driver with external information of a vehicle. A
distance sensor having a detection area in an external space
outside the exterior surface of a vehicle can be named as one
example of sensors installed in the car navigation system N.
Additionally, it is possible to name a sensor that detects
another vehicle or obstacles (e.g. walls, sidewalks, traffic
signs, electrical poles, etc.) which may exist in the surround-
ing area in the lateral and rear sides of a vehicle, and a sensor
that detects a preceding vehicle which may exist in the front
side of a vehicle.

Since the center position among the vibrators 32a to 324
indicates the position of a vehicle, the controller 34 sends
drive signals to drive the vibrators 32a to 32/ based on infor-
mation of the information generator 15 so that the vibrator
325 indicates the front direction of a vehicle; the vibrator 324
indicates the leftward direction of a vehicle; the vibrator 32e
indicates the rightward direction of a vehicle; and the vibrator
32g indicates the rear direction of a vehicle.

In Usage 2, the foregoing sensors may transmit detection
signals to the information generator 15 when a distance
between a vehicle and its peripheral vehicle or a distance
between a vehicle and an obstacle is smaller than a predeter-
mined distance. The detector 15a of the information genera-
tor 15 receives a detection signal from the foregoing sensor so
as to determine which sensor having its detection area in a
specific direction outputs the detection signal. Based on the
determination result, the information generator 15 generates
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two-dimensional information, representing a direction from a
vehicle to an obstacle or its peripheral vehicle, and sends it to
the controller 34 via the transmitter 155.

Based on two-dimensional information of the information
generator 15, the controller 34 sends a drive signal to vibrate
a single vibrator selected from among the vibrators 32a to
324

Thus, it is possible to present a driver with information,
representing the position of an obstacle or a peripheral vehicle
relative to the current position of a vehicle, as tactile stimuli.
This Usage 2 demonstrates an effect of assisting an unskilled
driver who is not good at stopping and parking a vehicle in a
garage or placing it in a tandem parking manner.

In this connection, it is possible to furnish a vehicle with a
sensor for detecting a relative traveling direction established
between a vehicle and its peripheral vehicle. In this case, it is
possible to present a driver with information, representing a
relative traveling direction established between a vehicle and
its peripheral vehicle other than a direction from a vehicle to
an obstacle or a peripheral vehicle, by way of tactile stimuli.
Additionally, it is possible to alert a driver that a peripheral
vehicle is moving toward a vehicle.

(Usage 3)

Next, the information presentation device 30 will be
described in terms of Usage 3 with reference to FIGS. 8 and
10. FIG. 10 is a block diagram showing the constitution of the
information presentation device 30.

In Usage 3, the information presentation device 30 presents
a driver with external information of a vehicle in connection
with sensors S1 installed in a vehicle. For example, a traffic
system, which installs an image sensor having sight in the
front direction of a running vehicle so as to identify division
lines (e.g. traffic division lanes), drawn on the opposite sides
of each traffic lane, has been known. In Usage 3 in which the
sensor S1 such as an image sensor sends image information to
the information generator 15, the information generator 15
sends two-dimensional information, representing a deviating
direction, to the controller 34 when a vehicle deviates from a
traffic lane. The controller 34 drives the vibrators 32a to 32/
based on two-dimensional information transmitted from the
information generator 15. Herein, since the center position
among the vibrators 32a to 32/ indicates the current position
of a vehicle, the controller 34 vibrates at least a single vibra-
tor, selected from among the vibrators 32a to 324, so as to
indicate a deviating direction of a vehicle. Thus, the informa-
tion presentation device 30 is able to alert a driver of a vehicle.

(Usage 4)

Next, the information presentation device 30 will be
described in terms of Usage 4 with reference to FIGS. 8 and
10. Herein, the information presentation device 30 present a
driver with external information of a vehicle in connection
with sensors S2 installed in a vehicle. For example, it presents
a driver with weather conditions, such as wind speed, affect-
ing driving by way of another method not using visual and
auditory sensations. That is, a wind direction/speed sensor for
detecting a wind direction and wind speed in the external
environment of a vehicle is installed as the sensor S2, thus
sending its detection signal to the information generator 15.

The information generator 15 generates two-dimensional
information, representing a wind direction, and sends it to the
controller 34 when a detection signal of the wind direction/
speed sensor S2 indicates wind speed higher than wind speed
which is determined by a driver in advance or when it indi-
cates that wind is blowing at wind speed higher than wind
speed which is determined in advance in a design stage of a
vehicle as wind speed affecting a steering operation of a
vehicle.
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Based on two-dimensional information of the information
generator 15, the controller 34 drives and vibrates a single
vibrator selected from among the vibrators 32a to 32/. Vibra-
tion of the selected vibrator is transmitted to driver’s hands as
tactile stimuli. Thus, the information presentation device 30 is
able to present a drive with information representing a wind
direction in the external environment of a vehicle.

As described above, the information presentation device
30 of the third embodiment demonstrates the same effect as
the information presentation device 10 of the first embodi-
ment.

Additionally, the information presentation device 30 of the
third embodiment provides an easy operation for a driver to
input a desired direction by use of the pointing device 335,
which is coupled with the controller 34 and attached to the
steering wheel 31.

Moreover, it is possible to inform a driver of a direction
from a vehicle to an obstacle or a peripheral vehicle on the
center portion of the steering wheel 31 by way of tactile
stimuli because the vibrators 32a to 32/ are arranged in a
two-dimensional manner encompassing the center of the
ringed portion of the steering wheel 31.

It is possible to further apply design changes to the first to
third embodiments.

As the information which the information presentation
devices 10,20, 30 present to a driver of a vehicle, itis possible
to employ running condition variations due to a driving
operation of a vehicle. For example, it is possible to provide
information indicating an operating condition of a vehicle,
information informing a driver of a hazard against a vehicle,
and information informing a driver of an external condition of
a vehicle. Specifically, it is possible to provide information
indicating occurrence of a trouble or failure in a vehicle,
information indicating the presence of another vehicle
approaching a vehicle from its external area, information
indicating weather (e.g. a wind direction and wind speed)
external to a vehicle, and guidance information indicating a
running speed by way of the car navigation system N. In this
connection, the information which the information generator
15 sends to the controllers 14, 24, 34 is not necessarily limited
to the foregoing information.

The first to third embodiments employ a steering wheel
having a ring-shaped external configuration, but the shape of
a steering wheel is not limited to this configuration; hence, it
is possible to employ a steering wheel having a rectangular
shape. Additionally, the information presentation devices 10,
20, 30 according to the first to third embodiments can be
applied to alever instead of a steering wheel. In this case, it is
possible to demonstrate the same effect described above.

Additionally, it is possible to reshape a holding part of a
steering wheel such that a vibration transmitter projects from
the external surface of a steering wheel, thus achieving a close
contact state between the vibration transmitter and a driver’s
hand. That is, it is possible to appropriately shape a vibration
transmitter to an extent that the vibration transmitter will not
cause a sense of incongruity and inconvenience for a driver
who is operating a steering wheel.

The first to third embodiments employ vibration motors as
vibrators; but this is not a restriction. As vibrators, for
example, it is possible to employ piezoelectric vibrators;
alternatively, it is possible to use other materials for vibrators.

The first to third embodiments employ momentary
switches as switches; but this is not a restriction. As switches,
for example, it is possible to employ micro switches, slide
switches, or pressure switches; or alternatively, it is possible
to use other materials for switches.
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The information presentation device 20 of the second
embodiment realizes five virtual vibrating sources 24a to 24e
by use of two vibrators 22a, 225, wherein it is possible to
change vibration intensity ratios to drive signals input to the
vibrators 22a, 224 in response to a threshold of human’s
audio perception, thus appropriately increase or decrease the
number of virtual vibrating sources.

The information presentation device 30 of the third
embodiment includes the pointing device 335 capable of
inputting four directions, wherein it is possible to appropri-
ately increase or decrease the number of inputted directions.
For example, it is possible to employ a pointing device which
is able to input eight directions.

Additionally, the information presentation device 30 of the
third embodiment arranges the switch 33a on the left-hand
side of a driver while arranging the pointing device 335 on the
right-hand side of a driver, wherein it is possible to reverse the
positional relationship between them. That is, it is possible to
arrange the pointing device 335 on the left-hand side of a
driver while arranging the switch 334 on the right-hand side
of a driver.

The first to third embodiments are not necessarily limited
in terms of the number of vibrators; hence, it is possible to
appropriately increase or decrease the number of vibrators.

Additionally, it is possible to appropriately combine the
constituent elements described in conjunction with the first to
third embodiments and their variations. For example, the
third embodiment may be reconfigured in a similar manner as
the first embodiment, wherein a plurality of vibrators is
selected from among the vibrators 32a to 32/ so that the
selected vibrators are sequentially driven with a time different
applied to their vibration start timings. In this case, it is
possible to present directive information indicative of the
direction of a vehicle which a driver is able to sense by
intuition.

Fourth Embodiment

Next, an information presentation device according to a
fourth embodiment of the present invention will be described
with reference to FIGS. 4, 5, and 11.

FIG. 11 includes graphs showing control waveforms gen-
erated by an information presentation device 40 of the fourth
embodiment, wherein the horizontal axis represents time
while the vertical axis represents amplitude. The information
presentation device 40 arranges a vibrator 42a on the left-
hand side and a vibrator 425 on the right-hand side in view of
a driver situated in front of the steering wheel 21. FIG. 11(A)
shows a control waveform 102 of the vibrator 424 positioned
on the left-hand side of the steering wheel 21, while FIG.
11(B) shows a control waveform 112 of the vibrator 425
positioned on the right-hand side of the steering wheel 21.

The external configuration of the information presentation
device 40 of the fourth embodiment is identical to that of the
information presentation device 20 of the second embodi-
ment (see FIG. 4). As shown in FIG. 5, the information
presentation device 40 includes the vibrators 42a, 425 instead
of the vibrators 22a, 22b as well as a controller 44 instead of
the controller 24.

The information presentation device 40 includes the vibra-
tors 42, 426 which include piezoelectric vibrators. Using
piezoelectric vibrators, the information presentation device
40 is able to control vibration frequencies in addition to
vibration intensity with the vibrators 42a, 425.

In general, it is known that humans are able to perceive
vibration frequencies, ranging from 150 Hz to 200 Hz. When
eccentric motors are used as the vibrators 42a, 425, however,
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the vibration intensity of the vibrators 42a, 426 depends on
the rotation speed of eccentric motors with the same amount
of eccentricity. For this reason, it may not be possible to set
the vibration frequency of the vibrators 42a, 4256 to the per-
ceptible vibration frequency even when the vibration inten-
sity is controlled to match a desired intensity. Contrarily,
when the vibrators 42a, 425 include piezoelectric vibrators
which can be easily controlled in the vibration intensity and
the vibration frequency independently, it is possible to easily
control the vibration intensity of the vibrators 42a, 425 at a
desired value while confining the vibration frequency of the
vibrators 42a, 4256 within the perceptible vibration frequency.

As shown in FIG. 5, the controller 44 is connected to the
vibrators 42a, 42b. The controller 44 of the fourth embodi-
ment differs from the controller 24 of the second embodiment
in that it is able to control the vibrators 42a, 425 so as to cause
anapparent movement phenomenon sensed by a driver who is
holding the steering wheel 21 with the holding parts A21,
A22. That is, the controller 44 generates control waveforms
causing a vibrating source which moves in left-right direc-
tions in view of a driver situated in front of the steering wheel
21.

To present a driver with sensation as if a vibrating source
moves from the left to the right in view of a driver situated in
front of the steering wheel 21, for example, the controller 44
starts the vibrator 42a to vibrate at time T, (see FIG. 11(A))
and then starts the vibrator 425 to vibrate at time T, which is
delayed from time T, by a certain time interval AT (see FIG.
11(B)). That is, the controller 44 generates the control wave-
form 102 causing the vibrator 42a to vibrate and the control
waveform 112 causing the vibrator 425 to vibrate, thus gen-
erating vibration with a phase shift corresponding to the time
interval AT.

The controller 44 generates the control waveform 102
which causes the vibrator 42a to start vibration at time T,
gradually increases its amplitude, and then gradually
decreases its amplitude, thus stopping the vibrator 42a to
vibrate. Similarly, the controller 44 generates the control
waveform 112 which causes the vibrator 425 to start vibration
attime Ty, gradually increases its amplitude, and then gradu-
ally decreases its amplitude, thus stopping the vibrator 425
from vibrating.

After the controller 44 starts the vibrator 424 to vibrate in
accordance with the control waveform 102, the vibrator 42a
gradually increases its vibration intensity while the control
waveform 102 is increased in amplitude. At this time, the
controller 44 causes a driver, who senses vibration of the
vibrator 42a, to feel as if a vibrating source will be approach-
ing the vibrator 42a. The vibrator 42a gradually decreases its
vibration intensity while the control waveform 102 is
decreased in amplitude. At this time, the controller 44 causes
a driver, who senses vibration of the vibrator 424, to feel as if
a vibrating source is leaving off from the vibrator 42a.

After the controller 44 starts the vibrator 425 to vibrate in
accordance with the control waveform 112, the vibrator 425
gradually increases its vibration intensity while the control
waveform 112 is increased in amplitude. At this time, the
controller 44 causes a driver, who senses vibration of the
vibrator 425, to feel as if a vibrating source is approaching the
vibrator 42b6. The vibrator 425 gradually decreases in vibra-
tion intensity while the control waveform 112 is decreased in
amplitude. At this time, the controller causes a driver, who
senses vibration of the vibrator 425, to feel as if a vibrating
source is leaving off from the vibrator 425.

When the vibrators 42a, 4256 vibrate in accordance with the
control waveforms 102, 112, a driver may feel as if a vibrating
source is approaching the vibrator 42a due to a phase differ-
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ence corresponding to the time interval AT between the con-
trol waveforms 102, 112, and then the vibrating source is
moving toward the vibrator 425 after the time interval AT
elapses from time T,. The fourth embodiment is able to
present a driver with a sensation as if a vibrating source is
moving until the control waveforms 102, 112 are terminated
in amplitude after they start to increase in amplitude.

Contrarily, to present a driver with a sensation as if a
vibrating source is moving from the right to the left in a
driver’s view, the controller 44 firstly starts the vibrator 425 to
vibrate and then starts the vibrator 42a to vibrate with a delay
of the time interval AT.

The controller 44 generates the control waveforms 102,
112, causing the vibrators 42a, 425 to vibrate, in accordance
with Equation 1 and Equation 2.

AL(D) = A sin{2x it — Tp)} - sin(2x f1) [Equation 1]
[TL <r=Tp+ ﬁ]

AL =0

[05[<TL, TL+ﬁ <l‘]

Ap(D) = A sin{2x fin(t — Tg)} - sin(2x 1) [Equation 2]

1
[TR SISTR+W]

Ar(D =0

1
[0S[<TR’TR+W<[]

Equation 1 represents the control waveform 102 of the
vibrator 42a (see F1IG. 11(A)) positioned on the left-hand side
in a driver’s view, while Equation 2 represents the control
waveform 112 of the vibrator 425 (see FIG. 11(B)) positioned
on the right-hand side in a driver’s view. The control wave-
forms 102, 112 are expressed as functions A, (t), Axz(t) which
vary with respect to time.

The control waveform 102 expressed in Equation 1 is a
waveform modulating the amplitude of a carrier wave, i.e. a
sine wave with frequency f and amplitude A, with a modula-
tion wave 101 expressed as sin(2mnfm(T-T;)). The control
waveform 112 expressed in Equation 2 is a waveform modu-
lating the amplitude of a carrier wave, i.e. a sine wave with
frequency f and amplitude A, with a modulation wave 111
expressed as sin(2wfm(T-Ty)). Equations 1, 2 include fm
representing the number of times in repeating the modulation
waves 101, 111 in a unit time, i.e. the number of repetition
times per one second in the fourth embodiment. In this con-
nection, the fourth embodiment sets frequency fof 150 Hz to
the control waveforms 102 and 112.

The controller 44 generates the modulation waves 101, 111
have chevron waveforms which are started at time TL, TR,
wherein a time until a vibrating source stops moving after it
starts moving is represented using a time until the modulation
waves 101, 111 are terminated in amplitude after they start to
increase in amplitude.

The modulation waves 101 and 111 are each regarded as a
half-period waveform corresponding to a sine wave with a
low frequency, e.g. 0.5 Hz. This allows a driver to sense one
second as a period of time until a vibrating source stops
moving after it starts moving. Since a sine wave has a low
frequency of 0.5 Hz which is lower than human’s perceptible
vibration frequency, it is difficult for a driver to sense vibra-
tion by use of tactile stimuli solely depending on the modu-
lation waves 101, 111 each configured of a half-period wave-
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form corresponding to a sine wave of 0.5 Hz. For this reason,
amplitude modulation is performed according to Equations 1,
2 such that the modulation waves 101, 111 are each multiplied
by a sine wave with the frequency f. In this connection, the
fourth embodiment involves the setting where T,<T,,
AT=0.2 seconds.

The vibrators 424, 426 are driven to vibrate in response to
the control waveforms 102, 112, which are varied in ampli-
tude with respect to time t according to Equations 1, 2, input
thereto from the controller 44.

As described above, the controller 44 modulates the ampli-
tudes of the modulation waves 101, 111, which allow a driver
to sense an apparent movement phenomenon, by use of a
carrier wave with a perceptible vibration frequency, thus pro-
ducing the control waveforms 102, 112, whereby it supplies
the control waveforms 102, 112 to the vibrators 42a, 425, thus
driving the vibrators 42a, 425 to vibrate. In the information
presentation device 40 of the fourth embodiment, the control-
ler 44 individually drives the vibrators 42a, 425 to vibrate so
as to transmit vibration of modulation waves to a driver, thus
presenting a driver with a sensation as if a vibrating source is
moving in left-right directions on the steering wheel 21.

The fourth embodiment adopts the setting in which the
modulation waves 101, 111 have frequency fm of 0.5 Hz; the
control waveforms 102, 112 have frequency f of 150 Hz; and
a time interval between the vibrator 42q starting its vibration
and the vibrator 4254 starting its vibration is set to 0.2 seconds;
but they are not necessarily limited to these values. That is, it
is possible to appropriately change the frequency and the time
interval regarding a control waveform driving a vibrator in
such a way that a driver may easily sense vibration as tactile
stimuli.

Additionally, the fourth embodiment defines the control
waveforms 102, 112 according to Equations 1, 2; but the
control waveforms 102, 112 are not necessarily limited to
Equations 1, 2. For example, the value of amplitude A in
Equations 1, 2 is not necessarily set to the same value with
respect to both the control waveforms 102, 112.

In the fourth embodiment, the controller 44 may repeat the
control waveforms 102, 112, with the foregoing phase difter-
ence, multiple times. That s, it is possible to repeat the control
waveform 102 with one period corresponding to a period of
time ranging from time T, to time T, +%2fm, while it is pos-
sible to repeat the control waveform 112 with one period
corresponding to a period of time ranging from time T, to
time Tr+%2fm. Alternatively, it is possible to repeat each of
the control waveforms 102, 112 with one period correspond-
ing to a period of time ranging from time T to time Tx+2fm.
Except for these settings, it is possible to repeat the control
waveform 102, 112, with a certain time interval or an arbitrary
time interval therebetween, multiple times.

Although the fourth embodiment employs piezoelectric
vibrators as the vibrators 42a, 425, it is possible to employ
voice coil motors (VCM) as vibrators which can be controlled
in frequency and vibration intensity independently. As
devices used for the vibrators 424, 425 other than piezoelec-
tric vibrators and VCM, it is possible to appropriately employ
any other devices which can be controlled in frequency and
vibration intensity independently.

Fifth Embodiment

Next, an information presentation device 50 according to a
fifth embodiment of the present invention will be described
with reference to FIGS. 4, 5, and 12.

The information presentation device 50 of the fifth embodi-
ment is designed such that a controller 54 controls the vibra-
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tors 42a, 42b attached to the steering wheel 21. FIG. 12
includes graphs showing control waveforms which the con-
troller 54 of the information presentation device 50 generates
to drive the vibrators 42a, 425 to vibrate, wherein the hori-
zontal axis represents time while the vertical axis represents
amplitude. That is, FIG. 12(A) shows a control waveform for
driving the vibrator 42a, while FIG. 12(B) shows a control
waveform for driving the vibrator 425.

The external configuration of the information presentation
device 50 of the fifth embodiment is identical to that of the
information presentation device 20 of the second embodi-
ment, whereas it includes the vibrators 42a, 425 instead of the
vibrators 22a, 22b and the controller 54 instead of the con-
troller 24. The controller 54 of the fifth embodiment differs
from the controller 24 of the second embodiment and the
controller 44 of the fourth embodiment in that it presents a
driver with a sensation as if a vibrating source is moving in a
discrete manner.

The phrase “a sensation as if a vibrating source is moving
in a discrete manner” conveys the meaning of presenting a
driver with tactile stimuli as if the virtual vibrating sources
24a, 24b, 24c, 24d, and 24e, which are mutually separated
from each other as shown in FIG. 6, may actually exist by
means of the vibrators 424, 42b. For example, it is possible to
present a driver with a sensation as if a vibrating source is
sequentially moving toward positions with spacing of a pre-
determined distance by way of a sequence in which after a
driver senses the virtual vibrating source 24a as an actual
vibrating source, the virtual vibrating source 24a stops vibrat-
ing, thereafter, a driver senses the virtual vibrating source 245
as an actual vibrating source.

The controller 54 generates control waveforms to sequen-
tially drive the virtual vibrating sources 24a, 24b, 24c, 24d,
and 24e within the distance between the vibrators 42a, 425b,
thus presenting a driver with a sensation in which a vibrating
source is moving in a discrete manner in their order.

Compared with the controller 24 of the second embodi-
ment which changes a ratio of vibration intensity between the
vibrators 22a, 225, the controller 54 of the fourth embodi-
ment produces and changes a time difference between the
timings at which the vibrators 42a, 425 start to vibrate.

The operation for presenting a driver with a sensation as if
a vibrating source is moving in a discrete manner from the
virtual vibrating source 24q to the virtual vibrating source 24e
will be described. First, the controller 54 sends a rectangular
wave with amplitude A | ; (see FIG. 12(A)) to the vibrator 42a
in order to render a driver feeling a sensation as if a vibrating
source is localized at the virtual vibrating source 24a. Addi-
tionally, it sends a rectangular wave with amplitude A, ; (see
FIG. 12(B)), which is smaller than amplitude A, to the
vibrator 425 at a timing delayed from the rectangular wave of
amplitude A, ; by a time interval AT, .

Next, the controller 54 sends a rectangular wave with
amplitude A,; (see FIG. 12(A)), which is smaller than ampli-
tude A, ;, to the vibrator 42a in order to render a driver feeling
a sensation that a vibrating source has been changed in posi-
tion from the virtual vibrating source 42a to the virtual vibrat-
ing source 24b. Additionally, it sends a rectangular wave with
amplitude A, , which is smaller than amplitude A, ; but larger
than amplitude A, , to the vibrator 425 at a timing delayed
from the rectangular wave of amplitude A ,; by a time interval
AT,. In this connection, the time interval AT, is shorter than
the time interval AT,. Compared to the situation in which the
vibrators 42a, 42b are driven to vibrate such that a vibrating
source is localized at the virtual vibrating source 24a, it is
possible to decrease the vibration intensity ofthe vibrator 42a
but to increase the vibration intensity of the vibrator 426
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while reducing a time interval between the timing of a driver
sensing vibration of the vibrator 42¢ and the timing of a driver
sensing vibration of the vibrator 425, thus causing a driver to
feel a sensation as if a vibrating source is moving from the
virtual vibrating source 24a to the virtual vibrating source
24b.

Thus, the controller 54 decreases the amplitude of the
vibrator 42a in a stepwise manner while delaying the vibra-
tion start timing of the vibrator 42a in a stepwise manner as a
vibrating source is moving in a direction of aligning the
virtual vibrating sources 24a, 24b, 24c, 24d, and 24e (i.e. a
direction from the vibrator 42a to the vibrator 425). Addition-
ally, the controller 54 increases the vibrating amplitude of the
vibrator 425 in a stepwise manner while advancing the vibra-
tion start timing of the vibrator 424 in a stepwise manner.

As shown in FIG. 12, the controller 54 of the fifth embodi-
ment subdivides a time period into times T, to T with a time
interval o 0.25 seconds therebetween in correspondence with
the virtual vibrating sources 24a to 24e. As shown in FIG.
12(A), the controller 54 produces rectangular waves to
advance or delay the vibration start timing of the vibrator 42a
relative to each time. As shown in FIG. 12(B), it sets time
intervals AT, to AT between the vibration start timing of the
vibrator 42a and the vibration start timing of the vibrator 42 as
follows.

Virtual vibrating source 24a (T,): AT,=0.02 seconds

Virtual vibrating source 245 (T,): AT,=0.01 seconds

Virtual vibrating source 24¢ (T5): AT;=0 seconds

Virtual vibrating source 244 (T,): AT,=-0.01 seconds

Virtual vibrating source 24e (T5): ATs=-0.02 seconds

As described above, the controller 54 of the fifth embodi-
ment controls the vibrators 42a, 425 to vibrate multiple times
with a time difference between the vibration start timing of
the vibrator 42a and the vibration start timing of the vibrator
42b. Additionally, the controller 54 gradually decreases the
time difference between the vibration start timing of the
vibrator 42a and the vibration start timing of the vibrator 425.

Moreover, the time difference of zero seconds is set
between the vibration start timings of the vibrators 42a and
42b at the virtual vibrating source 24¢ corresponding to the
center position between the vibrators 42a and 4256. The con-
troller 54 increases a time difference between vibration start
timings as a vibrating source approaches the vibrator 42a or
the vibrator 42b.

The fifth embodiment is able to render a driver feeling a
sensation that a vibrating source is moving in a discrete man-
ner because the controller 54 controls the vibration start tim-
ings of the vibrators 42a, 425 in addition to the vibration
intensity of the vibrators 42a, 42b. That is, it is possible to
render a driver feeling a sensation as if a vibrating source is
actually vibrating while being localized at each of the virtual
vibrating sources 24a to 24e with a good accuracy.

InFIG. 12, the controller 54 drives the vibrators 42a, 425 to
consecutively vibrate five times; however, it is possible to
drive the vibrators 42a, 425 to vibrate five times with different
time intervals. The number of times regarding the occurrence
of vibration with the vibrators 42a, 4256 is not necessarily
limited to five times, wherein two or more times may suffice
the need to render a driver feeling a sensation as if a vibrating
source is moving; hence, it is unnecessary to limit the number
of times causing vibration. Additionally, it is possible to
solely change the vibration start timing without changing the
vibration intensity of the vibrators 42a, 425. Thus, it is pos-
sible to render a driver feeling a sensation as if a vibrating
source is moving in left-right directions. Moreover, it is
unnecessary to the vibration start timing and the amplitude of
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rectangular waves to the foregoing values when generating
control waveforms driving the vibrators 42a, 424.

Sixth Embodiment

Next, an information presentation device according to a
sixth embodiment of the present invention will be described
with reference to FIGS. 4, 5, and 13. The information presen-
tation device 60 of the sixth embodiment is designed such that
a controller 64 controls the vibrators 42a, 4254 attached to the
steering wheel 21. FIG. 13 includes graphs showing control
waveforms which the controller 64 produces in order to drive
the vibrators 424, 42b, wherein the horizontal axis represents
time while the vertical axis represents amplitude.

The controller 64 of the sixth embodiment controls the
vibrators 42a, 425 to render a driver feeling a sensation as if
avibrating source is moving in upward-downward directions,
perpendicular to a line segment drawn between the two vibra-
tors 42a and 425, in a view of a driver situated in front of the
steering wheel 21. As shown in FIG. 13, the controller 64
produces a control waveform 103, multiplying a modulation
wave 101 by a carrier wave corresponding to a sine wave with
human’s perceptive vibration frequency. The control wave-
form 103 of the sixth embodiment differs from the control
waveform 102 of the fourth embodiment in that it may change
its frequency.

The controller 64 produces the control waveform having a
waveform whose frequency is monotonously decreasing. As
shown in FIG. 13, the controller 64 performs frequency
sweep in such a way that a relatively high frequency £, is set
to a vibration starting stage while a relatively low frequency
f,, is set to a vibration terminating stage. The controller 64
produces the control waveform 103 expressed in Equation 3.

A(D=4 sin(2af,,)sin(2mfD1)

AH=—at+b [Equation 3]

In Equation 3, f(t) denotes a function defining the fre-
quency of a sine wave which is multiplied by the modulation
wave 101. According to Equation 3 when a=450 Hz, b=500
Hz, the controller 64 produces the control waveform 103
whose frequency is swept from 500 Hz to 50 Hz by way of a
function A(t). In this connection, it is not necessary to perform
frequency sweep in an order from a high frequency to a low
frequency, but it is possible to perform frequency sweep in an
order from a low frequency to a high frequency.

The sixth embodiment is able to render a driver feeling a
sensation, via tactile stimuli, as if a vibrating source is moving
from a high position to a low position or as if a vibrating
source is moving from a low position to a high position
because the controller 64 vibrates the vibrators 42a, 42b in
response to the control waveform 103 subjected to frequency
sweep in a lapse of time.

Although the sixth embodiment employs a single control
waveform shown in FIG. 13 in order to render a driver feeling
a sensation as if a vibrating source is moving in upward-
downward directions, it is possible to combine the control
waveform with the foregoing control waveform, as described
in the fourth embodiment, which causes a driver to feel a
sensation as if a vibrating source is moving in left-right direc-
tions. That is, it is possible to multiplex the control waveform
shown in FIG. 13 with the control waveform of the fourth
embodiment involving a certain time interval, thus causing a
driver to feel a sensation as if a vibrating source is moving in
slanted directions combining upward-downward directions
with left-right directions.

Additionally, the information presentation device 60 of the
sixth embodiment can be modified to render a driver feeling a
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sensation as if a vibrating source is moving two-dimension-
ally on a two-dimensional plane combining upward-down-
ward directions with left-right directions. For example, it is
possible to render a driver feeling a sensation as if a vibrating
source is moving along a virtual circumference on a two-
dimensional plane or a sensation as if a vibrating source is
looping back in its moving direction while turning its running
direction on a two-dimensional plane.

Alternatively, it is possible to independently drive the two
vibrators 42a, 42b. By independently driving the vibrators
42a, 42b, it is possible to realize a vibrating source which is
ableto move in upward-downward directions on the right side
or in upward-downward directions on the left side, thus pre-
senting a driver with information differently on the right side
and on the left side.

In the sixth embodiment, the modulation wave 101 has a
period of one second while the control waveform 103 is
subjected to frequency sweep from 500 Hz to 50 Hz; but they
are not necessarily limited to these values. Additionally, the
controller 64 does not necessarily employ Equation 3 as an
equation for calculating the control waveform 103.

Seventh Embodiment

Next, an information presentation device 70 according to a
seventh embodiment of the present invention will be
described with reference to FIGS. 4, 5, and 14. The informa-
tion presentation device 70 of the seventh embodiment is
designed such that a controller 74 controls the vibrators 42a,
42 attached to the steering wheel 21. FIGS. 14(A), (B), and
(C) show control waveforms generated by the controller 75.
Herein, the upper graphs in FIGS. 14(A), (B), (C) show
frequency components included in control waveforms,
wherein the horizontal axis represents frequency while the
vertical axis represents amplitude. The lower graphs in FIGS.
14(A), (B), (C) show superposition of waveforms having
different frequencies, wherein the horizontal axis represents
time while the vertical axis represents amplitude.

In this connection, the controller 74 of the seventh embodi-
ment operates differently in comparison with the controller
64 of the sixth embodiment, wherein the seventh embodiment
operates similar to the sixth embodiment to render a driver
feeling a sensation as if a vibrating source is moving in
upward-downward directions.

The controller 64 of the sixth embodiment produces the
control waveform 103 subjected to frequency sweep over
time, thus causing a driver to feel a sensation as if a vibrating
source is moving inupward-downward directions. Contrarily,
the controller 74 of the seventh embodiment superimposes
sine waves having different frequencies so as to produce a
control waveform. The controller 74 produces a control wave-
form as defined in Equation 4. In this connection, Equation 4
superimposes sine waves with frequency fi (where i=1 to 5).

5 [Equation 4]
A(D) = A Sin(27 fiu) - Z {As(0)-sin(r 1))
1

The controller 74 combines sine waves with five frequen-
cies fl to 15, ranging from a low frequency to a high fre-
quency, according to Equation 4, and then performs ampli-
tude modulation using the modulation wave 101, thus
producing a control waveform.

As shown in FIG. 14(A), the controller 74 produces a
control waveform including plenty of low frequency compo-
nents, among sine waves of frequencies f; to {5, at a vibration
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start time t=0.0 second. Additionally, it produces a control
waveform including plenty of high frequency components,
among sine waves of frequencies f; to f;, at time t=tx (e.g.
x=0.1 seconds).

In the seventh embodiment, the controller 74 adopts five
frequencies, i.e. f;=100 Hz, {,=200 Hz, £;=300 Hz, £,=400
Hz, and £,=500 Hz, as frequencies of sine waves forming
control waveforms generated therein. At the vibration start
time t=0.0 seconds shown in FIG. 14(A), a control waveform
is formed by way of superimposition of sine waves having
relatively low frequencies, i.e. f;=100 Hz and f,=200 Hz,
wherein an amplitude Af, ,, of a sine wave {] is larger than an
amplitude Af, ., of a sine wave f,.

The controller 74 changes a ratio of mixing frequency
components over time. Additionally, it gradually decreases
the mixing ratio of low frequency components over time as
shown in FIGS. 14(B), (C) after it starts presenting a driver
with information via vibration. At time t=0.5 seconds shown
in FIG. 14(B), an amplitude Af;,, of a sine wave {; is the
highest amplitude while frequency components lower than or
higher than the frequency {; are reduced in amplitude. At time
t=1.0 second shown in FIG. 14(C), a control waveform is
formed using sine waves f, and f; having relatively high
frequencies, wherein an amplitude Af;,, of the sine wave {5 is
larger than an amplitude Af,,, of the sine wave f,.

Thus, the controller 74 changes its mixing ratio of fre-
quency components over time so as to drive the vibrators 42a,
42b with control waveforms which are shifted from low fre-
quency components to high frequency components. Thus, itis
possible to render a driver feeling a sensation as if a vibrating
source is moving from a downward direction to an upward
direction in view of a driver situated in front of the steering
wheel 21.

Contrary to the above, the controller 74 changes its mixing
ratio of frequency components over time so as to drive the
vibrators 42a, 425 with control waveforms which are shifted
from high frequency components to low frequency compo-
nents. In this case, it is possible to render a driver feeling a
sensation as if a vibrating source is moving from an upward
direction to a downward direction in view of a driver situated
in front of the steering wheel 21.

Additionally, it is possible to combine a control waveform
of the seventh embodiment, causing a driver to feel a sensa-
tion as if a vibrating source is moving in upward-downward
directions, and a control waveform of'the fourth embodiment,
causing a driver to feel a sensation as if a vibrating source is
moving in left-right directions. Thus, it is possible to render a
driver feeling a sensation as if a vibrating source is moving in
a slanted direction, a circumferential direction, and a loop-
back direction on a two-dimensional plane in view of a driver
situated in front of the steering wheel 21.

The seventh embodiment forms control waveforms each
combining the modulation wave 101 with sine waves having
five frequencies, i.e. {,=100 Hz, £,=200 Hz, ;=300 Hz,
f,=400 Hz, and f;=500 Hz, with a predetermined mixing
ratio; but sine waves forming control waveforms are not nec-
essarily limited to five types of frequencies. Additionally, the
mixing ratio of sine waves having different frequencies is not
necessarily limited to the foregoing value.

Moreover, an equation defining a control waveform gener-
ated by the controller 74 is not necessarily limited to Equation
4, wherein frequency components forming control wave-
forms are not necessarily limited to five types of frequencies.
It is possible to analogously determine a mixing ratio of sine
waves forming control waveforms, thus generating control
waveform having a plurality of vibration frequencies by way
of'inverse frequency conversion. For example, itis possible to
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set a sequentially varying frequency spectrum, which is sub-
jectedto inverse Fourier transform to generate a control wave-
form.

Eighth Embodiment

Next, an information presentation device 80 according to
an eight embodiment of the present invention will be
described with reference to FIGS. 4, 5, and 15. The informa-
tion presentation device 80 of the eighth embodiment is
designed such that a controller 84 controls the vibrators 42a,
42b attached to the steering wheel 21. FIG. 15 shows a control
waveform 105 generated by the controller 84, wherein the
horizontal axis represents time while the vertical axis repre-
sents amplitude.

In the eighth embodiment, the controller 84 drives the
vibrators 42a, 42b in accordance with the control waveform
105 so as to render a driver feeling a sensation as if a vibrating
source is moving in near-far directions in the front direction in
view of a driver situated in front of the steering wheel 21.

To render a driver feeling a sensation as if a vibrating
source is moving in near-far directions, the controller 84
produces the control waveform 105 simulating Doppler
effect, thus driving the vibrators 424, 425 to vibrate in accor-
dance with the control waveform 105.

That is, the controller 84 produces the control waveform
105 representing an amplitude-modulated wave multiplying
the modulation wave 101 by a sine wave of a human’s per-
ceptible vibration frequency. Additionally, a vibrating source
is assumed to be localized at an intermediate point, which is
determined in near-far directions in the front direction of a
driver, at a boundary time tc, wherein the control waveform
105 is changed in frequency in a former part T, and a latter
part T before and after the boundary time tc.

Specifically, in order to realize an observation that a vibrat-
ing source is approaching a driver with the former part of the
control waveform 105, the controller 84 produces the control
waveform 105 multiplying the modulation wave 101 by a
carrier wave in which the frequency of the former part T,
becomes higher than the frequency of the latter part T with
respect to the boundary time tc or a carrier wave in which the
frequency of the latter part T becomes lower than the fre-
quency of the former part T ,.

Equation 5 represents the control waveform 105 involving
a carrier wave whose frequency is changed over at time tc.
Herein, fa=fb.

AD) = A sin(2x f,1) - sin(2r f,1) [Equation 5]
{ falt = 1c)

folt > 1)

o =

According to Equation 5, the controller 84 produces the
control waveform 105 whose frequency is changed from the
frequency fa to the frequency tb at the boundary time t=tc.
That is, the controller 84 produces the control waveform 105,
simulating the Doppler effect, causing a driver to feel a sen-
sation as if a vibrating source is reversing its traveling direc-
tion relative to a driver before and after time t=tc.

When the lower column of Equation 5 adopts fa=300 Hz
and tb=50 Hz, for example, it is possible to cause a drive to
feel a sensation as if a vibrating source temporarily
approaches to a driver and then departs from a driver. Alter-
natively, when fa=50 Hz and tb=300 Hz, it is possible to
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realize the reverse of the traveling direction in which a vibrat-
ing source travels relative to a driver.

When the frequency is changed at time t=tc while the
vibration of the vibrators 42a, 425 is transmitted as tactile
stimuli, it is possible to render a driver feeling a sensation as
if a vibrating source moves toward a driver from his/her far
side and then departs from the driver or a sensation as if a
vibrating source temporarily departs from a driver and then
approaches the driver.

Thus, as described in Usage 2 of the third embodiment, it is
possible to present a driver with relative movement informa-
tion between a vehicle and a peripheral vehicle because the
information presentation device 80 of the eighth embodiment
is able to render a driver feeling a sensation as if a vibrating
source is traveling in far-near directions.

With the control waveform 105 generated by the controller
84 of the eighth embodiment, it is possible to render a driver
feeling a sensation as if a vibrating source is moving in
upward-downward directions. The control waveform of the
eighth embodiment can be combined with the foregoing con-
trol waveforms of the other embodiments. Thus, it is possible
to render a driver feeling a sensation as if a vibrating source is
moving in far-near directions relative to a driver in addition to
a sensation as if a vibrating source is moving in a slanted
direction, a circumferential direction, or a loop-back direc-
tion on a two-dimensional plane in a driver’s view.

The eighth embodiment produces the control waveform
105 combining the modulation wave 101, described in the
fourth embodiment, with a carrier wave of 50 Hz or 300 Hz
and sets a frequency switching time tc=0.5 seconds to the
control waveform 105; however, they are not necessarily
limited to these values.

As described heretofore, information presentation devices
of the present invention are described by way of the first to
eighth embodiments with reference to the accompanying
drawings; however, the constitution and the operation of the
present invention are not necessarily limited to the embodi-
ments, and therefore the present invention may embrace any
design choices within the scope of the invention defined in the
appended claims.

For example, the fourth embodiment adopts half-period
waveforms of sine waves as the modulation waves 101, 111;
however, modulation waves are not necessarily limited to
these waveforms. As the modulation waves 101, 111, for
example, it is possible to employ a triangular wave whose
amplitude increases at a constant rate and then decreases at a
constant rate. At this time, it is possible to appropriately
determine a rate for increasing amplitude and a rate for
decreasing amplitude; for example, it is possible to employ a
sawtooth wave as a modulation wave.

INDUSTRIAL APPLICABILITY

The information presentation device of the present inven-
tion is installed in a vehicle such as an automobile and
designed to present various types of information via vibration
applied to driver’s hands, wherein it is possible to present
information, representing the running condition of a vehicle,
and external environmental information without causing a
driver turning his/her eyes off from the front side in the
running direction of a vehicle. Additionally, the information
presentation device of the present invention can be installed in
any type of machines other than vehicles, for example,
wherein it is possible to present various types of information
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via vibration applied to operators who operate displays such
as information terminals, game devices, and virtual reality
devices.

REFERENCE SIGNS LIST

10, 20, 30, 40, 50, 60, 70, 80 information presentation
device

11, 21, 31 steering wheel

12a to 12g, 22a, 22b, 32a to 324, 42a, 42b vibrator

13a, 135, 23a, 235, 33 switch

14, 24, 34, 44, 54, 64, 74, 84 controller

Al, A2, A21, A22, A31, A32 holding part

B1, B2, B21, B22, B31, B32 vibration transmitter

The invention claimed is:

1. An information presentation device that presents an
operator with externally provided information representing
an external condition of a vehicle in a form of vibration, said
information presentation device comprising:

a manual control part having a shape held by an operator’s

hand;

a plurality of vibrators attached to the manual operation
part, each vibrator being a device which is controlled in
terms of vibration intensity and frequency indepen-
dently;

a controller that generates a driver signal to control the
vibrator based on the externally provided information
representing the external condition of the vehicle; and

a vibration transmitter that transmits vibration of the plu-
rality of vibrators, applied to the manual control part, as
a tactile stimulus to the operator’s hand, as a vibration
transfer function inherent to a material of the manual
control part,

wherein the controller sequentially drives the plurality of
vibrators with a time difference between vibration start
timings.

2. The information presentation device according to claim

1, wherein the manual control part arranges a holding part
held by the operator with the vibration transmitter.

3. The information presentation device according to claim
1, wherein the manual control part arranges holding parts,
held by operator’s hands, at two positions with the vibration
transmitter.

4. The information presentation device according to claim
1, wherein the manual control part arranges an operation
input part connected to the controller, so that the controller
generates the drive signal to control the plurality of vibrators
based on the externally provided information and an opera-
tion applied to the operation input part.

5. The information presentation device according to claim
4, wherein the holding part of the manual control part
arranges the vibration and the operation input part.

6. The information presentation device according to claim
4, further comprising a pointing device as the operation input
part.
7. The information presentation device according to claim
1, wherein the manual control part arranges three or more
vibrators in a two-dimensional manner.

8. The information presentation device according to claim
1, wherein the controller generates the drive signal, based on
a vibration transmission function established between the
plurality of vibrators and the vibration transmitter in the
manual control part, so as to control the plurality of vibrators.

9. The information presentation device according to claim
1, wherein the manual control part and the vibration trans-
mitter comprise different materials, and wherein the control-
ler generates the drive signal, based on a vibration transmis-
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sion function established between the plurality of vibrators
and the vibration transmitter in the manual control part, so as
to control the plurality of vibrators.

10. The information presentation device according to claim
1, wherein the controller generates the drive signal, rendering
a frequency-modulated control waveform subjected to fre-
quency sweep over a lapse of time, so as to control the plu-
rality of vibrators.

11. The information presentation device according to claim
1, wherein the controller generates the drive signal, rendering
a control waveform multiplexing a plurality of frequency
components and changing its mixing ratio with respect to
time, so as to control the plurality of vibrators.

12. The information presentation device according to claim
1, wherein the controller controls the plurality of vibrators
with different values of vibration intensity.

13. The information presentation device according to claim
1, wherein the controller generates drive signals, rendering
amplitude-modulated control waveforms with a time-phase
difference therebetween, so as to control the plurality of
vibrators.

14. The information presentation device according to claim
1, wherein the controller generates drive signals, rendering
control waveforms with a discrete time difference, a time-
phase difference, and an amplitude difference therebetween,
s0 as to control the plurality of vibrators.

15. The information presentation device according to claim
1, wherein the controller generates the drive signal based on
an externally provided detection signal representing a relative
traveling direction and a distance between a plurality of
objects.

16. The information presentation device according to claim
1, wherein the manual control part comprises a steering wheel
for steering a vehicle.

17. An information presentation device that presents an
operator with externally provided information representing
an external condition of a vehicle in a form of vibration, said
information presentation device comprising:

a manual control part having a shape held by an operator’s

hand;
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a plurality of vibrators attached to the manual operation
part, each vibrator being a device which is controlled in
terms of vibration intensity and frequency indepen-
dently;

a controller that generates a driver signal to control the
vibrator based on the externally provided information
representing the external condition of the vehicle, the
controller generating the drive signal, based on a vibra-
tion transmission function established between the plu-
rality of vibrators and the vibration transmitter in the
manual control part, so as to control the plurality of
vibrators, and the controller controls the plurality of
vibrators with different values of vibration intensity; and

a vibration transmitter that transmits vibration of the plu-
rality of vibrators, applied to the manual control part, as
a tactile stimulus to the operator’s hand as a vibration
transfer function inherent to a material of the manual
control part.

18. An information presentation device that presents an
operator with externally provided information representing
an external condition of a vehicle in a form of vibration, said
information presentation device comprising:

a manual control part having a shape held by an operator’s

hand;

a plurality of vibrators attached to the manual operation
part, each vibrator being a device which is controlled in
terms of vibration intensity and frequency indepen-
dently;

a controller that generates a driver signal to control the
vibrator based on the externally provided information
representing the external condition of the vehicle; and

a vibration transmitter that transmits vibration of the plu-
rality of vibrators, applied to the manual control part, as
a tactile stimulus to the operator’s hand, as a vibration
transfer function inherent to a material of the manual
control part, wherein

the manual control part and the vibration transmitter com-
prise different materials, and wherein the controller gen-
erates the drive signal, based on a vibration transmission
function established between the plurality of vibrators
and the vibration transmitter in the manual control part,
so as to control the vibrators.
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